コテンテキ トウケイ タヨウタイ カラ ノ イクツカ ノ カクチョウ ブブン タヨウタイ ノ ビブン キカガク オヨビ ソノ シュウヘン リョウイキ ノ ケンキュウ by 松添, 博
Title古典的統計多様体からのいくつかの拡張 (部分多様体の微分幾何学およびその周辺領域の研究)
Author(s)松添, 博




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
-Some generalizations from classical statistical manifolds-
(Hiroshi Matsuzoe)
Graduate School of Engineering
Nagoya Institute of Technology
( ) ,
( 1 ). ,
.
,















1. Norden , [Nor] ,
Weyl [Ma-l],
2. Ivanov , [Iv],






1623 2009 12-21 12
1.
$\Lambda l$ $n$ , $h$ $M$ , $\nabla$ $M$
. , $\nabla$ $\nabla^{*}$ .
$Xh(Y, Z)=h(\nabla_{X}Y, Z)+h(Y, \nabla_{X}^{*}Z)$ .
$(\nabla^{*})^{*}=\nabla$ . $\nabla,$ $\nabla^{*}$ ,
$R,$ $R^{*}$
$h(R(X, Y)Z, V)=-h(Z, R^{*}(X, Y)V)$
. $\nabla^{(0)}:=(\nabla+\nabla^{*})/2$ $\nabla^{(0)}h=0$ . , $\nabla$
, $\nabla^{(0)}$ Levi-Civita .
$(0$ ,3 $)$ - $C$ (1, 2)- $K$
$C(X, Y, Z)$ $:=$ $(\nabla_{X}h)(Y, Z)$ ,
$K_{X}Y$ $:=$ $\nabla_{X}Y-\nabla_{X}^{(0)}Y$.
. $(0$ ,3 $)$ - $C$ $(M, \nabla, h)$ 3 , $($ 1, $2)-$
$K$ .
1.1 $(\Lambda I, \nabla_{7}h)$ $C,$ $K$ , .
1. $K_{X}Y=\nabla_{X}^{(0)}Y-\nabla_{X}^{*}V=(\nabla_{X}Y-\nabla_{X}^{*}Y)/2$ .
2. $C(X,$ $Y,$ $Z)=-2h(K_{X}Y,$ $Z)=-2(Y,$ $K_{X}Z)$ .
12 $C$ $(M, \nabla, h)$ 3 , $c*$ $(M, \nabla^{*}, h)$ 3 ,
$C=-C^{*}$ .
, $\nabla$ . , 3
$C$ $K$ .
$\nabla$ .
1.3 2 , 2 .
(1) $\nabla$ .
(2) $\nabla^{*}$ .
(3) $C=\nabla h$ .
(4) $\nabla^{(0)}=(\nabla+\nabla^{*})/2$ $h$ Levi-Civita .
, , $(0$ ,3 $)$ -
. , .
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1.4 (M. h) , $\nabla^{(0)}$ $h$ Levi-Civita
. $C$ $(0$ ,3 $)$ - ,
$h(\nabla_{X}Y, Z)$ $=$ $h( \nabla_{X}^{(0)}Y, Z)-\frac{1}{2}C(X, Y, Z)$ , (1.1)
$h(\nabla_{X}^{*}Y, Z)$ $=$ $h( \nabla_{Y}^{(0)},Y, Z)+\frac{1}{2}C(X, Y, Z)$ (1.2)
$\nabla$ $\nabla^{*}$ . $\nabla$ $\nabla^{*}$ $h$
. $\nabla h$ $\nabla^{*}h$ .
, .
1( ) $(M, h)$ , $\nabla$ $M$
. $\nabla h$ $(M, \nabla, h)$ ( )
[Ku-l].
[AN], [La]. , .




$(M, h)$ , $\nabla$ $M$ , $\tau$ $M$ 1
.
$Xh(Y, Z)=h(\nabla_{X}Y, Z)+h(Y, \overline{\nabla}_{X}^{*}Z)-\tau(X)h(Y, Z)$
$\neg\nabla$ . * $\nabla$ $\tau$ $h$
.
A.P. Norden $\ovalbox{\tt\small REJECT}$ [Nor].
$arrow\nabla$ conjugate connection . Nomizu [Nom]
$\neg\nabla$ generalized conjugate connection . Nomizu
, .
, $\overline{(\overline{\nabla}^{*})}=\nabla$ . $\overline{\nabla}^{(0)}=\frac{1}{2}(\nabla+$




$(0$ ,3 $)$ - $\overline{C}$ $\overline{C}(X, Y, Z):=(\nabla_{X}h)(Y)Z)+\omega(X)h(Y, Z)$
, 3 . ,
$\overline{\nabla}^{*}$
$\nabla$ ,
$\overline{C}(X, Y, Z)$ $=$ $h(Y,\overline{\nabla}_{X}^{*}Z-\nabla_{X}Z)$
.
, $\nabla$ . $\nabla$
, .
2.1 $(M, h)$ , $\nabla$ $M$ , $\omega$ $M$




3. $\overline{C}(X, Y, Z)=(\nabla_{X}h)(Y, Z)+\omega(X)h(Y, Z)$ .




2( Weyl ) $(M,$ $)$ , $\nabla$ $M$
$\tau-$
$M$ 1 .
$(\nabla_{X}h)(Y, Z)+\tau(X)h(Y, Z)=(\nabla_{Y}h)(X, Z)+\tau(Y)h(X, Z)$
$(M, \nabla,$ $, \tau)$ Weyl [Ma-l].
, $(Il/J, \nabla, h, \tau)$ Weyl
1. $(\nabla_{\chi}h)(Y, Z)+\tau(X)=0$ $(M, \nabla, h)$ Weyl .
2. $\tau=0$ $(M, \nabla, h)$ .
5 , Weyl
. $[$Ma-l $]$ .
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3. $(M, h)$
, $\nabla$ $M$ , $\tau$ $M$ 1 .
$Xh(Y, Z)=h(\nabla_{X}Y, Z)+h(Y,\hat{\nabla}_{X}^{*}Z)+\tau(Y)h(X, Z)$




3.1 $\neg\nabla,\hat{\nabla}^{*}$ $\nabla$ $\tau$ $h$
. $arrow\nabla$ $\hat{\nabla}^{*}$ .
, .





3( ) $(M, h)$ , $\nabla$ $M$
, $T^{\nabla}$ $\nabla$ .
$(\nabla_{X}h)(Y, Z)-(\nabla_{Y}h)(X, Z)=-h(T^{\nabla}(X, Y), Z)$
, $(M, \nabla, h)$ [Ku-2].
$\nabla$ $\nabla^{*}$ . ,
.
4.1 $(M, h)$ , $\nabla^{*}$ $M$





4.2 $(M, \nabla, h, \tau)$ Weyl , $\overline{\nabla}^{*}$ $\nabla$ .
$\nabla_{X}’Y=\nabla_{X}Y-\tau(X)Y$ .
(1) $\overline{\nabla}^{*}$ $\nabla’$ .
(2) $(M_{7}\nabla^{l}, h)$ .
, Weyl




[NS], [IV], [Ku-l], [Ma-l]
.
$M$ $n$ , $f$ $M$ $R^{n+1}$ , $\xi$ $f$
. $M$ $p$ ,
$T_{f(p)}R^{n+1}=f_{*}(T_{p}M)\oplus R\{\xi_{p}\}$
, $\{f, \xi\}$ $M$ $R^{n+1}$
. $\xi$ .
$D$ $R^{n+1}$ ,
$D_{X}f_{*}Y$ $=$ $f_{*}(\nabla_{X}Y)+h(X,$ $Y)\xi$ , $($ 5.1 $)$
$D_{X}\xi$ $=$ $-f_{*}(SX)+\tau(X)\xi$ $($ 5.2 $)$
, $M$ $\nabla,$ $h$ . $\nabla$ , $h$
, $S$ , $\tau$ . $h$
, $\xi$ . , $h$ $f$
. $\tau=0$ , $\{f, \xi\}$ .
.
Gauss : $R(X, Y)Z=h(Y, Z)SX-h(X, Z)SY$
Codazzi : $(\nabla_{X}h)(Y, Z)+\tau(X)h(Y, Z)=(\nabla_{Y}h)(X, Z)+\tau(Y)h(X, Z)$
$(\nabla_{X}S)(Y)-\tau(X)SY=(\nabla_{Y}S)(X)-\tau(Y)SX$
$h(X, SY)-h(Y, SX)$ $=$ $(\nabla_{X}\tau)(Y)-(\nabla_{Y}\tau)(X)$Ricci
$=d\tau(X, Y)$
Codazzi , .
5.1 $f$ , $(M, \nabla, h, \tau)$ Weyl
. $\{f,\xi\}$ , $(M, \nabla, h)$ .
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$(M, \nabla, h)$ ( Weyl $(M,$ $\nabla,$ $h,$ $\tau)$ ) ,
$\nabla^{*}$ ( $\hat{\nabla}^{*}$ ) ,
$(M. \nabla, h)$ ( Weyl $(M,$ $\nabla,$ $h,$ $\tau)$ )
$\{f,$ $\xi\}$ $[$DNV$]$ , $[$ Iv$]$ .
, .
$\{f\cdot, \xi\}$ $M$ $R^{n+1}$ , $R_{n+1}$ $R^{n+1}$
. $\{f, \xi\}$ $v$ : $Marrow R_{n+}i$ , $M$ $p$
$\{v(p), \xi_{p}\}=1$ , $\{v(p), f_{*}X_{p}\}=0$ (5.3)
.
$\langle v_{*}X_{p},$ $\xi_{p}\rangle=-\tau(X)$ , $\{v_{*}X_{p},$ $f_{*}Y_{p}\rangle=-h(X, Y)$ (5.4)
. $h$ $v$ $M$ $R_{n+1}$ ,
$v$ $v$ . , $\{v, -v\}$ $\Lambda f$ $R_{n+1}$
( ) .
$D_{X}v_{*}Y$ $=$ $v_{*}(\hat{\nabla}_{X}^{*}Y)-h^{*}(X, Y)v$
$\{v, -v\}$ ,
$Xh(Y, Z)=h(\nabla_{X}Y, Z)+h(Y,\hat{\nabla}_{X}^{*}Z)+\tau(Y)h(X, Z)$ .
52 $\{f, \xi\}$ , $v$ $\{f, \xi\}$ .
$\nabla,\hat{\nabla}^{*}$ $\{f, \xi\},$ $\{v, -v\}$ , $\{f)\xi\}$
$h$ , .
, .
$\{f,$ $\xi\}$ , $v$ $\{f,$ $\xi\}$ . $M\cross M$
$p$
$\rho(p, q)=\{v(p),$ $f(p)-f(q)\rangle$




6$M$ $n$ , $\omega$ $R^{n+\perp}$ $M$ 1 , $\xi$ $R^{n+1}$
$M$ . $M$ $p$
(1) $R^{n+1}=$ Image $\omega_{p}\oplus R\{\xi_{x}\}$ ,
(2) Image $(d\omega)_{p}\subset$ Image $\omega_{p}$
, $\{\omega, \xi\}$ . $\{f, \xi\}$ $M$ $R^{n+1}$
, $\{df, \xi\}$ .
$X\omega(Y)$ $=$ $\omega(\nabla_{X}Y)+h(X, Y)\xi$ ,
$X\xi$ $=$ $-\omega(SX)+\tau(X)\xi$
, $\Lambda I$ $\nabla,$ $h$ .
, $\nabla$ , $h$ .
(2) , $(0$ ,2 $)$ - .
$h$
$\omega$ . , $\tau=0$ $\{\omega, \xi\}$
. $\{\omega, \xi\}$




6.1 $\{\omega, \xi\}$ , $\nabla$
$h$ $(M, \nabla, h)$ .
6.2 $([Ku-2])$ Herm$(d)$ $d$- , $S$
:
$S=\{P\in$ Herm$(d)|P>0$ , tr$P=1\}$ .
$P\in S$ , $T_{P}S$ $0$ $\mathcal{A}_{0}$
$A_{0}=\{X\in$ Herm$(d)|$ tr$X=0\}$
. $X\in \mathcal{A}_{0}$ , $\overline{X}$ .
$P\in S$ $X\in \mathcal{A}_{0}$ , $\omega_{P}(\tilde{X})\in$ Herm$(d)$ $\xi$
.
$X= \frac{1}{2}(P\omega_{P}(\overline{X})+\omega_{P}(\overline{X})P)$, $\xi=-I_{d}$ .
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, $\{\omega, \xi\}$ .
,
$h_{P}(\tilde{X},\tilde{Y})$ $=$ $\frac{1}{2}$tr $(P(\omega_{P}(\overline{X})\omega_{P}(\tilde{Y})+\omega_{P}(\tilde{Y})\omega_{P}(\overline{X})))$ ,
$(\nabla_{\tilde{X}}\tilde{Y})_{P}$ $=$ $(h_{P}( \overline{X},\tilde{Y})P-\frac{1}{2}(X\omega_{P}(\tilde{Y})+\omega_{P}(\tilde{Y})X))^{-}$
. $h$ SLD Fisher
(SLD: (symmetric logarithmic derivative)). $\nabla$
.
, 42 , Weyl
. .
63 Weyl $(M, \nabla, h, \tau)$ $R^{n+1}$
, $(M, \nabla, h, \tau)$ $(\Lambda f, \nabla’, h)$
.
.
$\{\omega, \xi\}$ $R^{n+1}$ , $R_{n+1}$ $R^{n+1}$ .
$M$ $p$ $v$ : $Marrow R_{n+}i$ .
$\{v(p), \xi_{\rho}\}=1$ , $\{v(p),$ $\omega_{p}(X)\rangle=0$ . (6.1)
$v$ $\{\omega, \xi\}$ .
, .
$\{\omega, \xi\}$ $v$ , $M\cross\Gamma(TM)$ $\rho$
$p(X, q)=\langle v(p),$ $\omega_{p}(X)\}$





( $(B)$ ) No.19740033
.
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